Background: There are few data available about hardcore smokers and their behavioral characteristics among the lung cancer screening (LCS) population. The study investigated the burden of hardcore smokers within the LCS population, and determine the characteristics of hardcore smokers using nationally representative data in South Korea. Methods: We used data from 2007 to 2012 from the Korean National Health and Nutrition Examination Survey. This study enrolled current male smokers aged 55-74 years. Among them, subjects eligible for LCS were defined as these populations with smoking histories of at least 30 PY. Hardcore smoking was defined as smoking >15 cigarettes per day, with no plan to quit, and having made no attempt to quit. Multivariate logistic regression analyses were used to estimate associations between hardcore smokers and various sociodemographic and other variables. Results: The proportion of hardcore smokers among those who met LCS eligibility criteria decreased from 2007 to 2012 (from 39.07 to 29.47% of the population) but did not change significantly thereafter (P = 0.2770), and that proportion was consistently 10-15% higher than that of hardcore smokers among all male current smokers. The proportion without any plan to quit smoking decreased significantly from 54.35% in 2007 to 38.31% in 2012. However, the smokers who had made no intentional quit attempt in the prior year accounted for more than half of those eligible for LCS, and the proportion of such smokers did not change significantly during the study period (50.83% in 2007 and 51.03% in 2012). Multivariate logistic regression analyses showed that hardcore smokers were older (OR = 1.05, 95% confidence interval [CI] 1.01-1.09) than non-hardcore smokers. Hardcore smokers exhibited higher proportion of depression (OR = 6.55, 95% CI 1.75-24.61) and experienced extreme stress more frequently (OR = 1.93, 95% CI 1.13-3.29). Smokers who did not receive smoking cessation education within the past year were significantly more likely to be hardcore smokers (OR = 4.15, 95% CI 1. 30-13.22). Conclusions: It is important to identify a subset of smokers unwilling or minimally motivated to quit within the context of lung cancer screening. Anti-smoking education should be enhanced to influence hardcore smokers' behavior.
Background
Lung cancer is the leading cause of cancer death in many countries, including Korea, representing a huge public health burden [1] . It is typically diagnosed at an advanced stage and long-term survival remains low [2] . Cigarette smoking is one of the most important predisposing factors [3] . Lung cancer screening (LCS) using low-dose computed tomography (LDCT) has been widely recommended to detect adult lung cancer at earlier treatable stages [4, 5] . Recently, the National Lung Screening Trial (NLST) showed that LDCT afforded a 20% reduction in the lung cancer mortality rate among high-risk adults aged 55-74 years with a smoking history of at least 30 pack-years (PY) and who were either current smokers or former smokers who had quit within the previous 15 years [6] . With these meaningful results of the NLST trial, the identification of well-defined populations at high risk of lung cancer makes the implementation of LCS a public health imperative. The combination of smoking abstinence and LCS also yielded the maximum reduction in mortality found in the NLST [7] . At the time of LCS, all current smokers should be advised to quit smoking, and former smokers should be advised to not resume [8] .
Successful smoking cessation is essential within the context of LCS. As 48% of those who participated in the NLST were current smokers, they will constitute a large proportion of those undergoing LCS [6] Lung screening may constitute a teachable moment at which smoking cessation may be encouraged [9] , but the evidence indicates that LCS via LDCT does not seem to increase smoking abstinence [10] . However, a major abnormality evident on LCS is significantly associated with higher rates of smoking cessation, and may be an important predictor of (less or no) subsequent smoking [11] . It is also of concern that a cancer-free LCS result may create false confidence among smokers, who then continue to smoke [12] . Previous population-based cancer screening programs have found that smoking and other unhealthy behaviors might be mutually reinforced after intervention at a teachable moment [13] . These findings encouraged us to investigate the smoking behaviors of LCS participants in an effort to attain successful smoking cessation.
Currently, tobacco control has reduced the prevalence of smoking in most countries. However, the rate of decline has slowed and certain subpopulations continue to smoke at disproportionately high rates [14] . In an effort to assist smokers resistant to tobacco controls, researchers have developed the concept of "hardcore smokers"; such smokers are less willing to quit, smoke heavily, and exhibit high-level nicotine dependence [15, 16] . Such characteristics predict future quitting attempts and smoking abstinence [17] . As a high-risk of lung cancer, the population undergoing LCS are older than the general population of smokers, are more likely to have medical comorbidities, and more likely to be heavy, long-standing smokers. Recent data show that current smokers eligible for LCS have varying levels of nicotine dependence, which predict both the quitting rate and clinical outcomes of lung cancer detection, and mortality [18] . Most studies of hardcore smoking have examined general populations [19, 20] . However, scarce researches have been conducted about the burden of hardcore smokers among the LCS population as a high risk group for nicotine dependence. Therefore, it is necessary to discuss the burden of hardcore smokers and their characteristics within the LCS population. This may allow LCS to be combined with smoking cessation interventions that improve LCS efficacy, which would improve the lung cancer mortality rate in public health.
This study investigated the burden of hardcore smokers within the Korean LCS population who met the LCS eligibility criteria by studying the proportion of hardcore smokers and its annual change, and identified the characteristics of hardcore smokers using nationally representative data.
Methods

Study population
We used data acquired by the Korean National Health and Nutrition Examination Survey IV-V (KHANES) from 2007 to 2012 to classify hardcore smokers. The Korean Ministry of Health and Welfare has performed the KNHANES since 1998. This is a cross-sectional nationally representative survey assessing the health and nutritional status of the non-institutionalized civilian population of South Korea [21] . Every year, the KNHANES extracts 23 households from each of 192 districts (via probabilistic sampling) and surveys about 10,000 household members aged 1 year or older. Sampling features two or three steps, and is stratified, clustered, and systematic based on sex, age, and geographic area as defined in household registries. The survey includes a health interview and health behavior, health examination, and nutrition surveys, which provide a variety of information on health status, health behavior, socioeconomic demographics; laboratory data are included.
Literature reported that LDCT for lung cancer has been reported to be effective screening method for lung cancer in high-risk populations, in large part due to the results of the NLST trial. The original eligibility criteria in the NLST trial included smokers aged 55-74 years with at least 30 PYs and current smoking status or having quit within the past 15 years. However, as the KNHANES survey items did not include the period of quitting smoking, the NLST eligibility criteria were not available for the former smokers. Thus, we enrolled only current smokers in the current study. Moreover, a previous study of a general Korean population found that males were fourfold more likely to be hardcore smokers than females [22] . Significant between-sex differences are evident in terms of workplace exposure, nicotine dependence, and access to healthcare [23] . In this regard, it was reasonable to focus on male hardcore smokers who met the NLST criteria for LCS. Therefore, in this study, we enrolled only current male smokers aged 55-74 years. Among them, subjects eligible for LCS were defined as these populations with smoking histories of at least 30 PY.
Smoking status, definition of hardcore smoker, and features of hardcore smokers
Smokers were defined as respondents who had consumed ≥100 cigarettes over their lifetimes. Current smokers were those who smoked cigarettes "daily" or "sometimes," and former smokers were those who did not smoke "now." Never-smokers were those who had never consumed cigarettes. Previous researches has examined "hardcore" smokers, defined as smokers with low willingness to quit, heavy cigarette consumption, and high nicotine dependence [15] . Cigarettes per day is a measure of nicotine dependence used in the definition of hardcore smoking, and ranges from > 15 to > 25. Most studies agree that smokers can be classified as hardcore smokers if they smoke daily and smoke a minimum of 15 cigarettes per day [20, 22] . Similar to previous studies [16, 17, 24] , we selected three characteristics of hardcore smokers related to continued smoking: (1) High daily cigarette consumption, defined as ≥15 cigarettes per day;
(2) no intention of quitting, defined as never planning to quit in the past 6 months; and (3) having made no attempt to quit smoking that lasted for longer than 24 h in the past year. "Hardcore" smokers were defined as those who exhibited all three characteristics.
Other variables
We recorded age, sex, body mass index, household income, educational attainment, occupation, marital status, and comorbidities. Age was classified into four groups: 55-59, 60-64, 65-69, and 70-74 years. Economic status was divided into the top and bottom two quartiles of household income. Educational attainment was divided into elementary school or lower, middle school, and high school or higher. Marital status was defined as married/cohabiting, single (divorced/widowed/separated), or never-married. We collected pulmonary function test (PFT) data, quality of life scores (obtained using the EuroQol five-dimension questionnaire [EQ-5D]), information on smoking-related factors (total amount of smoking, age at smoking initiation, exposure to secondhand smoke in the workplace/home, attendance at smoking cessation programs), alcohol use, physical activity, and psychological status. Age at smoking initiation was assessed using the information on smoking duration and age at the time of questionnaire completion. We divided age at smoking initiation into four groups (<16, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , and ≥ 26 years). We first considered grouping smokers by durations of 11-15, 26-30, and ≥ 31 years. However, because of a lack of sufficient numbers in these age groups, we collapsed these categories. Physical activity was defined as intense (jogging, mountain climbing, cycling, swimming rapidly, playing soccer or basketball, rope jumping, squash, or singles tennis for at least 20 min three times a week) or moderate (including swimming slowly; and playing doubles tennis, volleyball, badminton, or table tennis). Muscle-strengthening exercises included push-ups, sit-ups, dumbbell or barbell exercises, or work on a horizontal bar. The variables used to assess psychological status explored stress as follows: "How stressed do you feel during your normal days?" One of the following responses to this question ("extremely", "sufficiently", "hardly" or "a little") was used.
Statistical analyses
We analyzed the data using a complex sample design that considers the data characteristics. Weighted values used in the surveys of the 6-year period were combined into single values and a plan file created. We analyzed the data in two ways. First, we used linear-by-linear association to examine the 6-year trends in the age-adjusted proportion of hardcore smokers and measures taken to cease hardcore smoking. Second, hardcore smokers and others were compared in terms of age, sex, body mass index, sociodemographic factors, underlying disease, pulmonary function test (PFT) results, stress level, smoking-related factors, alcohol use, EQ-5D scores, and physical activity. Variables with P-value ≤0.20 in univariate analyses were entered into a multivariate logistic regression analysis. We evaluated the variance inflation factor and found no multicollinearity among the independent variables. The results are described as odds ratios (ORs) with 95% confidence intervals. Statistical analyses were performed using SAS Enterprise Guide ver. 9.4 software (SAS Institute, Cary, NC, USA). A P-value <0.05 was deemed to be statistically significant.
Ethics statement
The Korea Centers for Disease Control and Prevention obtained written informed consent from all KNHANES participants. After registering personal information and signing a pledge of confidentiality, anyone can download raw data from the KNHANES website. As the datasets are publicly available, ethics approval was not required. The protocol was approved by the institutional review board (IRB) of Hanyang University Hospital, Seoul, South Korea (IRB No. 2018-12-014).
Results
Of those who were surveyed from 2007 to 2012, we identified 1551 current male smokers aged 55-74 years of whom 891 had histories of more than 30 PY of heavy smoking and met the Korean, male, LCS criteria. As the weighted value used in this study, a total of 4,763,098 males were obtained during the 6-year period.
Annual changes in hardcore smoker proportions and characteristics Table 1 shows the weighted proportion of hardcore smokers and their characteristics among current male smokers aged 55-74 years. The proportion of male current smokers with histories of more than 30 PY was 55-60% among all male current smokers (being 55.0% in 2007 and 55.93% in 2013, Fig. 1 ), and the weighted proportion of such males did not decrease from 2007 to 2012 ( Fig. 1) , being maintained in all male current and former smokers in this age group (Additional file 1: Figure S1 ). Among all current smokers, about 60% of all current smokers aged 55-74 years smoked more than 15 cigarettes per day, and hardcore smokers accounted for about 17-22% of these. However, almost all smokers with histories of more than 30 PY smoked more than 15 cigarettes per day during the study period (being 99.14% in 2007 and 97.41% in 2012). Although the proportion stating "no plan to quit" decreased from 2007 to 2012 (from 54.35 to 38.31%, P trend = 0.0382), the proportion reporting "no quit attempt made in the past 12 months" did not change significantly (being 50.83% in 2007 and 51.03% in 2012); the trend was similar for all current smokers. The proportion of hardcore smokers among current smokers with more than 30 PYs decreased from 2007 to 2012 (from 39.07 to 29.47%) but the trend did not change significantly (P trend = 0.2770). That proportion was consistently 10-15% higher than that of hardcore smokers among all male current smokers.
Baseline characteristics of the study subjects
The demographic and clinical characteristics of the study population are shown in Table 2 . Compared to nonhardcore smokers, hardcore smokers were older, had a lower BMI, were less educated, and had a higher proportion of depression. However, the two groups did not differ significantly in terms of occupation, marital status or the proportion of obstructive PFT patterns. As shown in Table 3 , an early age at smoking commencement, a high level of smoking, little education on smoking cessation, and high alcohol consumption were significantly associated with hardcore smoker status. A large proportion of such smokers did not engage in intense or moderate physical activity or muscle-strengthening exercises, compared to non-hardcore smokers. Although the EQ-5D revealed no significant difference in the quality of life, the selfperceived stress level was higher in hardcore than nonhardcore smokers. Table 4 shows the results of multivariate logistic regression analyses revealing the parameters contributing to the likelihood of hardcore smoking. Hardcore smokers were older (OR = 1.05, 95% CI 1.01-1.09), and exhibited a higher proportion of depression (OR = 6.55, 95% CI 1.75-24.61) compared with non-hardcore smokers. Notably, compared to smokers who had been educated on smoking cessation, those lacking such education within the past year were significantly more likely to be hardcore smokers (OR = 4.15, 95% CI 1. 30-13.22 ). Hardcore smokers were nearly two times more frequent among smokers under extreme stress than among those under little stress (OR = 1.93, 95% CI 1.13-3.29).
Characteristics of hardcore smokers
Discussion
Our study found that the proportion of smokers with histories of more than 30 PY was 55-60% among all *P < 0.0001 for trend for smokers without plan to quit among all male current smoker; **P = 0.2966 for trend for hardcore smokers among all male current smoker; †P = 0.0382 for trend for smokers without plan to quit among male current smoker (≥ 30 Pack-years); † †P = 0.2770 for trend for hardcore smokers among male current smoker (≥ 30 Pack-years) Fig. 1 The annual percentages of male current smokers aged 55-74 years by the extent of smoking male current smokers aged 55-74 years. Almost all smokers with histories of more than 30 PY smoked more than 15 cigarettes per day during the study period. More than half of such smokers responded "no quit attempt made in the past 12 months". Moreover, more than one third of male current smokers with more than 30 PY were hardcore smokers, and that proportion was consistently 10-15% higher than that of hardcore smokers among all male current smokers. This study also demonstrated significant associations between male Korean hardcore smokers eligible for LCS and older age, higher prevalence of depression, higher level of stress, and lack of education regarding smoking cessation. Most studies of hardcore smoking have examined general populations. Although the prevalence has differed with the definition used and the state of the tobacco epidemic, the literature on general populations implies that hardcore smokers comprise a minority of smokers [25] . Studies with similar definitions of hardcore smokers have found that they constitute 5.2% of Californian [26] and 9.7% of Italian [27] smokers. A recent Korean study of smokers aged 19 or older found that about 20% of smokers are hardcore [22] . However, these findings might be influenced by the proportion of middle-aged individuals (30-59 years) with high prevalence rates. Considering these reports, we found a consistently higher proportion of hardcore smokers among LCS participants, implying a significant impact of hardcore smokers among subjects eligible for LCS. To our knowledge, the prevalence of hardcore smokers in the LCS population has not been studied, although their behavioral characteristics have been described. Of the previous report on NLST population, 55% were current smokers, and 57.4% of these had made no intentional quit attempt in the past year [28] . In Dutch-Belgian, randomized, controlled, lung cancer screening trial, lung cancer screening trial, 40% of the respondents had no intention of quitting smoking in the near future (within about 1 year) [29] . These proportions of smokers unwilling or unmotivated to quit smoking among LCS-eligible subjects are consistent with our results.
Notably, the annual proportion of hardcore smokers among LCS participants did not decrease over the study period. Most recent evidence does not support the hardening hypothesis in general populations, consistently showing either no change in hardcore smoking measures or even a decrease in hardcore smokers [30, 31] . Moreover, specifically in Korea, nationwide smoking cessation programs (including specific clinics) were introduced by the Korean government in 2005 and a toll-free telephone "quit-line" in 2006, associated with 253 healthcare clinics that provide free nicotine replacement therapy and individual counseling before the study period. The price of cigarettes increased almost twofold in 2015 during the study period. In a previous study on hardcore smokers in the general, Korean adult population, the prevalence of current smokers decreased from 2001 (25.0%) to 2012 (13.0%) [22] . These results might be related to the efforts increasing quitting rate among smokers in public. However, even the effort to increase the quitting rate among smokers in Korea, has not eased the burden that hardcore smokers place on the LCS population. High-level nicotine dependence has frequently been cited as a characteristic of hardcore smokers [15] . Rojewski et al. [18] showed that high nicotine dependence was significantly related to the lung cancer risk and lung cancer-specific mortality in the LCS population. This suggests that prompt detection of such hardcore smokers allow to increase the benefit of the LCS program. Our findings contribute to the literature, showing that hardcore smokers are widespread and continue to remain among LCS participants. These are the main features of this study that deserve to be highlighted.
This present study also showed that the proportion without a plan to quit decreased significantly from 54.35% in 2007 to 38.31% in 2012, however the proportion who did not attempt to quit in the past year accounted for more than half and did not change significantly over the study period. Increasing numbers of smokers who meet the LCS criteria plan to stop smoking. Nevertheless, more than half in our study did not attempt to quit, emphasizing the difference between Table 3 Smoking, alcohol use, physical activity level, and the quality of life of hardcore smokers among current male smokers aged 55-74 years old with histories of more than 30 pack-years of smoking (Continued) [32] . LCS creates an additional interaction between smokers and healthcare providers, affording a teachable moment that can be used to promote the desire to change [10] . A recent study on a subset of NLST participants described the association between the clinician-delivered "5As" (Ask, Advise, Assess, Assist, and Arrange) and quitting behavior [33] . Of the 5As, assisting and arranging (in terms of NLST followup) were associated with increased quitting rates (OR 1.40 and OR 1.26, respectively), however, these rates remained relatively low. Our study showed that smokers who did not receive education on smoking cessation within the past year were significantly more likely to be less willing to quit smoking. Firm evidence exists that smoking cessation services should be combined with LCS [34] [35] [36] . Effective smoking education and interventions enhance the benefits afforded by LCS, reducing mortality and morbidity. Recent collaborative trials have considered these issues and will develop better smoking cessation strategies [35, 37] . Our results underline the importance of enhancing anti-smoking education to influence the behaviors of hardcore smokers among LCS participants. Identification of characteristics associated with failure to abstain and successful quitting may facilitate the development of more effective smoking cessation interventions for LCS participants. Here, we evaluated the characteristics of hardcore smokers eligible for LCS. The literature on the association between age and hardcore smoking in the general population is mixed. Some reports have found a high proportion of persistent smokers and low rates of decline in smoking prevalence in persons over 65 years old [31] , and that older age groups had the lowest intention to quit [38] . However, younger men are more likely to be long-term smokers and less likely to quit than their older counterparts [39] . We found that hardcore smoking was more prevalent among older age group in smokers aged 55-74 years eligible for LCS. In addition, the age at smoking initiation is negatively correlated with persistent smoking [26] . In this study, onset of smoking at a younger age (< 16 years old) was positively associated with the likelihood of hardcore smoking, but no statistical significance was noted (OR = 2.08, CI 0.89-4.85).
We also found that hardcore smokers had a higher proportion of depression. Mental illness, such as major depression and anxiety disorders, increases smoking rates, and smokers with mental illness have more difficulty quitting than do those without mental illness [40, 41] . The readiness to quit smoking among smokers with mental illness appears to be related to nicotine dependence [42, 43] , which is consistent with the finding that nicotine dependence mediates the associations among anxiety, depression, and smoking maintenance [44] (Morrell, Holly E. R. 2006). Cinciripini et al. [45] suggested that a depressed mood after an attempt to quit smoking relates to continued smoking and poor quitting self-efficacy. Significant association has been observed between depressive disorders and hardcore smoking, in line with our results. In addition, we showed that a high level of stress was prevalent among hardcore smokers. In line with our findings, Daoud et al. [46] reported that psychological factors including anxiety and stressful life events are correlated with quitting behaviors. A high level of perceived stress is associated with hardcore smoking [27] and low success with cessation [47] . However, the questionnaire used in this study might have been too simplistic to accurately evaluate the severity of depression or stress. Therefore, further research is needed to address the impact of psychological factors on hardcore smoking and quitting behaviors.
Our study results showed no significant differences in the frequency of spirometric airflow obstruction between hardcore and non-hardcore smokers. Chronic obstructive pulmonary disease (COPD) and lung cancer often coexist, and they share the risk factor of cigarette smoking. COPD is also associated with an increased risk of lung cancer in the setting of LCS [48] . One study on smokers with COPD reported that nearly half were not planning to quit [49] , and a significant association was noted between COPD severity and quitting success [50] . The absence of disparities in COPD frequency among hardcore smokers suggests that the population eligible for LCS might smoke a considerable amount regardless of hardcore smoking. Moreover, we postulate that the severity of COPD was not reflected in this study and the participating groups included patients with relatively mild COPD due to the nature of the KNHANES investigation on adult health and nutritional conditions. Our study had certain limitations. First, this study did not cover the actual population of those undergoing LCS, although all members of our population were LCS candidates. If LDCT screening yields abnormal results, this may create a teachable moment for LCS participants who are considering to quit smoking. A concern of poor lung health may motivate smokers to quit, which would affect the proportion of hardcore smokers. Second, no standard definition of hardcore smoking is available; the conceptual definitions have included nicotine-dependence, no intention to quit, poor self-efficacy, and lack of motivation [15] . We used only three characteristics to define hardcore smoking because we lacked data on other variables such as the extent of nicotine dependence. Third, difficulty confirming the causal relationship between hardcore smokers and various characteristics in LCS screening population because this was an observational cross-sectional study. Fourth, we focused on current male smokers; thus, our results may not be generalizable to former male smokers or female smokers.
Conclusions
We found that more than one third of male current smokers eligible for LDCT cancer screening were hardcore smokers, and that proportion does not show a downward annual trend. Compared to non-hardcore smokers, hardcore smokers eligible for LCS are older, exhibit a higher proportion of depression, and experience extreme stress more frequently. Smokers who have not received smoking cessation education within the past year were significantly more likely to be hardcore smokers. Although intensive smoking cessation policies cover the entire LCS population, it is important to identify the specific groups with higher prevalence of hardcore smokers in the setting of LCS and to strengthen the comprehensive smoking cessation strategies by targeting these vulnerable populations. Future stop-smoking interventions should consider these characteristics of the population.
